Cell-free extracts of trophozoites of Hartmannella (Culbertson strain A-I), grown axenically, catalysed transamination between 2-oxoglutarate and a number of amino acids. Aspartic acid, alanine and serine showed the maximum activity. The ~-alanine-2-oxoglutarate aminotransferase (E.C. 2.6. I .2) was purified about 15-fold by adsorption with calcium phosphate gel and elution with 0.2 M-phosphate buffer. Stability during storage, pH optima in different buffers K , values for alanine and 2-oxoglutarate, and the role of pyridoxal-5-phosphate are reported. p-Chloromercuribenzoate, cyanide and metal-chelating agents markedly inhibited the enzyme. Among dicarboxylic acids, maleic acid had the maximum inhibitory effect. Amoebicidal drugs and antibiotics had no marked inhibitory effect on the enzyme. Downloaded from www.microbiologyresearch.org by IP: 54.70.40.11 On: Sat, 29 Dec 2018 23:40:35 Am in0 trans ferase activity of Har trnannella 381
I N T R O D U C T I O N
Certain strains of the free-living amoebae belonging to the genus Hartmannella (Acanthamoeba) produce meningoencephalitis in mice and monkeys and are supposed to cause the same disease in man (Culbertson, Smith, Cohen & Minner, 1959; Patras & Andujar, 1966; Butt, 1966) . The growth, nutritional requirements and metabolic activities (Adam, 1959 (Adam, , 1964 Band, 1959 Band, , 1961 Band, , 1962 Neff, 1957) of some of these strains have also been studied. The patterns of the proteolytic activities of Hartmannella (Ambrosioni, 1952 ; Bianchini, 1953 a, b) and Acanthamoeba (Jarumilinta & Maegraith, 1961a, b) have been reported, using different substrates. In the intermediary metabolism of proteins and in the formation of pool amino-acids, transaminases play an. important role. In view of this, the aminotransferase (E.C. 2 . 6 . I . 2) activity present in crude cell-free extract of trophozoites of Hartmannella has been partially purified and characterized. The action of certain amoebicidal drugs and antibiotics has also been studied and the results are presented in this communication.
M E T H O D S
Source of enzyme. Pathogenic Hartmannella strain A-I, obtained from Dr C . G. Culbertson, was cultured axenically in medium containing Difco Proteose-peptone (I yo, w/v), Oxoid tryptone (I %, w/v) and sodium chloride (0.5 yo, w/v), pH 6.8, in I 1. Roux flasks. After 6 days at 37', trophozoites were harvested and washed three times with glass-distilled water. The washed cells were suspended in water and 25-2 homogenized in a Potter-Elvehjem glass homogenizer at 4". The homogenate was centrifuged at 3000 rev./min. in a MSE refrigerated centrifuge for 30 min. The resulting opalescent crude enzyme extract was purified over calcium phosphate gel.
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Assay of enzyme activity
Colorimetric method. Glutamate-pyruvate transaminase (GPT) was estimated by the method of Reitman & Frankel (1957) . In a typical assay system, 0.2 ml. of the enzyme was incubated for 60 min. with 2 pmole 2-oxoglutarate, 200 pmole DL-alanine and IOO pmole Sarrensen phosphate buffer (pH 7.4); total volume 1.2 ml. The reaction was stopped by addition of I ml. of o.o2Y0 (w/v) 2,4-dinitrophenylhydrazine in 2 N-HCl. After 20 min. colour was developed by the addition of 10 ml. of 0.4 N-NaOH and the intensity of the colour was read at 505 mp in a Beckman DU model spectrophotometer. Enzyme units were calculated from a standard curve for the extinction of dinitrophenyl-hydrazones of pyruvate in conditions similar to those of enzyme assay.
Chromatographic method. Wherever the above method could not be applied, paper chromatography was used for estimating the glutamate formed during transamination.
The chromatogram was run for :[ 6 hr in n-butanol+ acetic acid +water (4 + I + I v/v) and the amino acid spots, after developing with ninhydrin, were quantitated according to the method of Giri, Radhakrishnan & Vaidyanathan (1952) . In a typical assay, 0.5 ml. of reaction mixture contained I to 20 pmole 2-oxoglutarate, I to 10 pmole DL-alanine and 20 pmole phosphate buffer, (pH 7-4). The reaction was run for 4 hr at 37", stopped by heating 5 min. in a boiling water bath and the chromatograms were run using 0.02 ml. reaction mixture. Independent experiments (without enzyme) showed that under these conditions non-enzymic transamination did not occur due to heating.
Estimation of protein. Protein in the extract was estimated by the method of Lowry, Rosebrough, Farr & Randall (19, 51) , with bovine plasma albumin as standard.
Preparation of calcium phosphate gel. Calcium phosphate gel was prepared according to the method of Keilin & Hartree (1938) and about 8-months old gel was used for adsorption purposes.
Chemicals and reagents. ~~-a l a i i i n e and 2-oxoglutarate (B.D.H.) and pyridoxal-5phosphate (E. Merck) were used. All other reagents were of analytical grade.
Samples of paromomycin sulphate (Parke Davis (India) Ltd.), chlortetracycline hydrochloride (Aureomycin : Cyanamide (India) Ltd.), cycloheximide (Actidione : Upjohn Co., U.S.A.), 4-carbamidophenyl arsonic acid (Carbarsone : Burroughs Wellcome and Co. (India), Private Ltd.), chloroquine phosphate and emetine hydrochloride (Bengal Immunity Co. Ltd.), iodochlorhydroxyquin (Enterovioform : CIBA of India Ltd.) and chlorhexidine dihydrochloride (I.C.I.) were employed in these studies.
RESULTS
Preliminary screening of the crude extract of trophozoites of Hartmannella for aminotransferase activity, using 1 2 0 common amino acids as amino-group donors and the chromatography technique, revealed that 2-oxoglutarate was a more effective amino group acceptor than pyruvate or oxalacetate. Results with some of the active amino acids are given in Table I. Purijkation of the enzyme. Table 2 illustrates partial purification of the enzyme activity by calcium phosphate gel adsorption and elution by different molar concentrations of phosphate buffer. The most active enzyme protein was eluted by 0.2 Mphosphate buffer. Due to a paucity of material further purification was not attempted. In the following experiments about 15-fold purified enzyme was utilized for the estimation of GPT activity. 
Reaction conditions: 0.2 ml. of cell-free enzyme extract (43 pg. protein), 10 pmole 2-oxoglutarate, ~o p m o l e L-amino acid (2opniole in the case of DL-amino acid), zopmole Sarrensen phosphate buffer (pH 7.4), total volume 0.5 ml; incubation 4 hr at 37". 0.02 ml. of reaction mixture was used for the paper chromatographic estimation of glutamic acid formed. Properties of the enzyme Stability. The partially purified enzyme solution was distributed into two tubes which were stored separately at 4' and -10' and assayed for GPT activity at intervals. Enzyme stored at 4' progressively lost more than half of its activity in 20 days, while freezing the enzyme extract at -1 0 ' for 2 days and thawing resulted in the loss of more than half of its activity.
Coenzyme requirement. Enzyme preparations, one dialysed overnight at 4' and the other undialysed, were incubated with various concentrations of pyridoxal-5phosphate for I 5 min. and their activities determined. Figure I demonstrates that the coenzyme dissociated to some extent from the apoenzyme and higher concentrations of coenzyme inhibited the GPT activity. Enzyme concentration. In similar experimental conditions the relationship between the amount of pyruvate formed and enzyme protein was linear between 7-5 and 60 pg.
Efect of p H . The optimum pH in phosphate buffer was at 7-4, in tris-HC1 buffer in the range 7-5-8.0 and in borate buffer at 7.9 (Fig. 2) .
K m values for substrates. Amounts of glutamic acid formed at different concentrations of alanine and a-oxoglutarate were estimated. The Km value for alanine was 2.22 x I O -~ M (Fig. 3) and for a-oxoglutarate 7.1 x I O -~ M (Fig. 4) . Efect of dicarboxylic acids. Fumarate, malate, succinate had a slight inhibitory ( I mg./ml.) or water (control) and the reaction was run as described in Table 3. effect on the enzyme, while oxalate had a slight stimulatory influence. Only maleate inhibited the enzyme by half.
Efect of antiamoebic drugs and antibiotics. The action of some antiamoebic drugs and antibiotics on the GPT of Hartmannella are presented in Table 4 . Chlorhexidine dihydrochloride inhibited the enzyme by one-third. None of the antibiotics inhibited the enzyme markedly. Among the other potent amoebicidal drugs, 4-carbamidophenyl arsonic acid inhibited the enzyme to the maximum extent of one-fifth, while the remaining three drugs, namely emetine hydrochloride, chloroquine phosphate and iodochlorhydroxyquin, inhibited it by about one-tenth.
DISCUSSION
Just like in the aminotransferase system of Entamoeba histolytica (Mohan Rao & Dutta, I 966), a-oxoglutarate was the most active amino-group acceptor compared with pyruvate and oxalacetate in the Hartmannella system. Valine, asparagine, leucine and aspartic acid have been reported to be the most active amino-group donors to a-oxoglutarate in E. histolytica system, but in the Hartmannella aspartic acid, serine and alanine were most active. Serine was actively transaminated by Hartmannella, whereas E. histolytica failed to transaminate serine under similar experimental conditions. While Hartmannella poorly transaminated leucine, the same amino acid was actively transaminated by E. histolytica (Mohan Rao & Dutta, 1966) . Amoebicidal drugs and antibiotics had almost the same type of effect either on Hartmannella or E. histolytica (Mohan Rao & Dutta, 1966) enzymes. In both these enzyme systems the maximum inhibition of about 30 yo was effected by chlorhexidine dihydrochloride.
Higher concentrations of pyridoxal-5-phosphate inhibited either dialysed or undialysed enzyme extracts of Hartmannella. Similar findings were reported with the aminotransferase systems of E. histolytica (Mohan Rao & Dutta, 1966) , animal tissues (Roberts & Bregoff, 1953) and human intestines (Ramaswamy & Radhakrishnan, 1964) .
The inhibition caused by some dicarboxylic acids, especially by maleate, may be explained on the basis of an earlier observation (Jenkins, David & Irwin, 1959 ) that the enzyme forms an inactive complex with these acids.
The K, value for alanine for the aminotransferase activity of Hartmannella compares favourably with those reported for cotton seeds (Turano, Bossa, Fasella & Fanelli, I 966) and equine erythrocytes (Balasarswathi & Krishna Murti, I 967) .
The above discussion focuses some of the differences in the properties of aminotransferase activities of the two pathogenic amoebae, one belonging to free-living and the other to parasitic groups of organisms.
